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Each issue of Gold Bulletin contains key highlights
from the research and patent literature. Authors who
publish high quality work in other journals are invited
to send a copy of their publication to the editor for
inclusion in the next issue.
Sensors
Plasmonic nanosensors with inverse sensitivity by means of
enzyme-guided crystal growth
This 2012 Nature Materials paper (doi: 10.1038/nmat3337)
describes the sensitivity and robustness of a new approach
to detecting the cancer biomarker prostate-specific antigen
down to 10−18gml−1 (4×10−20M) in whole serum. The
authors point out that lowering the limit of detection is a
key to the design of advanced sensors needed for food safety
regulations, environmental policies, and the diagnosis of
severe diseases. However, because conventional transducers
generate a signal that is directly proportional to the concen-
tration of the target molecule, ultralow concentrations of the
molecule result in variations in the physical properties of the
sensor that are tiny, and therefore difficult to detect with
confidence. The authors present a signal-generation mecha-
nism that redefines the limit of detection of nanoparticle
sensors by inducing a signal that is larger when the target
molecule is less concentrated. The key step to achieve this
inverse sensitivity is to use an enzyme that controls the rate
of nucleation of silver nanocrystals on plasmonic trans-
ducers (gold nanostars).
Optical detection of single non-absorbing molecules using
the surface plasmon resonance of a gold nanorod
The authors report the plasmonic detection of single mole-
cules in real time without the need for labelling or
amplification (Nature Nanotechnology, vol. 7, pp. 347–
349; doi:10.1038/nnano.2012.92). Their sensor consists of
a single gold nanorod coated with biotin receptors, and the
binding of single proteins is detected by monitoring the plas-
mon resonance of the nanorod with a sensitive photothermal
assay. The sensitivity of the device is reported to be ∼700
times higher than state-of-the-art plasmon sensors.
The biochemiresistor: an ultrasensitive biosensor for small
organic molecules
A resistance-based biosensor uses gold-coated magnetic
nanoparticles (Au@MNPs) functionalized with the antibiot-
ic enrofloxin, which bind to anti-enrofloxin as analyte. The
Au@MNPs can be magnetically assembled between electro-
des and the measured resistance is a function of analyte
concentration. See Angew. Chem. Int. Ed.; doi: 10.1002/
anie.201202350
Medicine
A high-throughput drug screen for Entamoeba histolytica
identifies a new lead and target
Entamoeba histolytica, a protozoan intestinal parasite, is the
causative agent of human amebiasis. Amebiasis is the fourth
leading cause of death and the third leading cause of mor-
bidity due to protozoan infections worldwide, resulting in
~70,000 deaths annually. E. histolytica has been listed by
the National Institutes of Health as a category B priority
biodefense pathogen in the USA. Treatment relies on met-
ronidazole, which has adverse effects, and potential resis-
tance of E. histolytica to the drug is an increasing concern.
To facilitate drug screening for this anaerobic protozoan, the
authors developed and validated an automated, high-
throughput screen (HTS). This screen identified auranofin,
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a US Food and Drug Administration (FDA)-approved gold-
based drug used therapeutically for rheumatoid arthritis, as
active against E. histolytica in culture. Auranofin was ten
times more potent against E. histolytica than metronidazole.
The authors believe this new use of auranofin represents a
promising therapy for amebiasis, and the drug has been
granted orphan-drug status from the FDA. Nature Medicine;
doi: 10.1038/nm.2758.
Size-dependent localization and penetration of ultrasmall
gold nanoparticles in cancer cells, multicellular spheroids,
and tumors in vivo
This work (ACS Nano, 2012, 6 (5), pp. 4483–4493; doi:
10.1021/nn301282m) demonstrated that ultrasmall gold
nanoparticles (AuNPs) smaller than 10 nm display unique
advantages over nanoparticles larger than 10 nm in terms of
localization to, and penetration of, breast cancer cells, mul-
ticellular tumor spheroids, and tumors in mice. Au@tiopro-
nin nanoparticles that have tunable sizes from 2 to 15 nm
with identical surface coatings of tiopronin and charge were
successfully prepared. For monolayer cells, the smaller the
Au@tiopronin NPs, the more AuNPs found in each cell. In
addition, the accumulation of Au NPs in the ex vivo tumor
model was size-dependent: smaller AuNPs were able to
penetrate deeply into tumor spheroids, whereas 15-nm nano-
particles were not. Owing to their ultrasmall nanostructure,
2- and 6-nm nanoparticles showed high levels of accumula-
tion in tumor tissue in mice after a single intravenous injec-
tion. Surprisingly, both 2- and 6-nm Au@tiopronin
nanoparticles were distributed throughout the cytoplasm
and nucleus of cancer cells in vitro and in vivo, whereas
15-nm Au@tiopronin nanoparticles were found only in the
cytoplasm, where they formed aggregates. The ex vivo
multicellular spheroid proved to be a good model to simu-
late in vivo tumor tissue and evaluate nanoparticle penetra-
tion behavior. This work gives important insights into the
design and functionalization of nanoparticles to achieve
high levels of accumulation in tumors.
A brain tumor molecular imaging strategy using a new
triple-modality MRI–photoacoustic–Raman nanoparticle
The difficulty in delineating brain tumor margins is a major
obstacle in the path toward better outcomes for patients with
brain tumors. Current imaging methods are often limited by
inadequate sensitivity, specificity, and spatial resolution.
The authors show that a unique triple-modality magnetic
resonance imaging–photoacoustic imaging–Raman imaging
nanoparticle (termed here MPR nanoparticle) can accurately
help delineate the margins of brain tumors in living mice
both preoperatively and intraoperatively. The MPRs were
detected by all three modalities with at least a picomolar
sensitivity both in vitro and in living mice. Intravenous
injection of MPRs into glioblastoma-bearing mice led to
MPR accumulation and retention by the tumors, with no
MPR accumulation in the surrounding healthy tissue, allow-
ing for a noninvasive tumor delineation using all three
modalities through the intact skull. Raman imaging allowed
for guidance of intraoperative tumor resection, and a histo-
logical correlation validated that Raman imaging was accu-
rately delineating the brain tumor margins. This new triple-
modality–nanoparticle approach has potential in enabling
more accurate brain tumor imaging and resection (Nature
Medicine, vol.18, pp. 829–834.)
Catalysis
Diesel oxidation catalyst
The applicant (Umicore AG) describes an invention
(WO2012055730 A1) that relates to a catalytically active
material, consisting of an inner core formed of palladium
and gold, which together are fixed on a first carrier oxide,
coupled with an outer shell containing platinum, which is
fixed on a second carrier oxide. The invention further relates
to a diesel oxidation catalyst and exhaust gas cleaning system
containing the described catalytically active material.
High-performance Pd–Au bimetallic catalyst with mesoporous
silica nanoparticles as support and its catalysis of cinnamalde-
hyde hydrogenation
A high-performance bimetallic catalyst with mesoporous
silica nanoparticles as support, PdAu/MSN, was prepared
by an organic impregnation–hydrogen reduction approach
(Journal of Catalysis, vol. 291, July 2012, pp. 36–43). A
series of investigations were conducted to assess the effects
of (1) the porous nanoparticle support on the dispersion of
active components and on the catalyst's performance, (2) the
addition of gold on the dispersion of active components and
the catalyst's activity, and (3) the preparation parameters,
such as solvent, pressure, and temperature, on the catalyst's
activity. The active metallic components were highly dis-
persed, with particle size of 2.5 nm. The addition of gold to
the catalyst favorably promoted the hydrogenation of cinna-
maldehyde. The enhanced activity of PdAu0.2/MSN can be
attributed to the synergistic effect of Pd with the added Au
and the highly dispersed active components.
Process for the electrochemical synthesis of hydrogen peroxide
and use of a catalyst
Researchers from Solvay have described a process for the
electrochemical synthesis of hydrogen peroxide, comprising
reacting oxygen and hydrogen in the presence of a catalyst
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comprising at least gold and palladium deposited on a
carrier, where the molar ratio of gold to palladium is higher
than 1:1. See WO2012085174 (A1).
A glimpse of gold
The authors of this paper consider what structural properties
of Au/TiO2 catalysts enable their catalytic activity. Trans-
mission electron microscopy has provided structural infor-
mation, but the strong electron beam can damage the
system, and it remains unclear whether the associated
images represent the active structure of the catalyst. Kuwauchi
et al. now report the use of environmental transmission elec-
tron microscopy, which allows the catalyst to be studied under
reaction conditions. They find that the nanoparticle morphol-
ogy varies systematically in differing environments, changing
from faceted to round, depending on the gases present. In
contrast, the support maintains its crystallinity throughout
the experiments, and the interface between the particles and
the support also remains stable. By systematically studying
the effects of electron irradiation on the structure, the authors
derive conditions under which no detectable structural dam-
age occurs, thus making it possible to deduce the intrinsic
structure of the catalyst under reaction conditions. See Angew.
Chem. Int. Ed. 51; doi:10.1002/anie.201201283 (2012).
Batteries
A reversible and higher-rate Li–O2 battery
The rechargeable nonaqueous Li–O2 battery is receiving a
great deal of interest because theoretically its specific energy
is far greater than the best that can be achieved with lithium-
ion cells. Operation of the rechargeable Li–O2 battery depends
critically on repeated and highly reversible formation/decom-
position of Li2O2 at the cathode on cycling. The authors show
that this is possible, using a dimethyl sulfoxide electrolyte and
porous gold electrode (95 % capacity retention from cycles 1
to 100), whereas previously only partial Li2O2 formation/
decomposition occurred and with limited cycling. The authors
present data indicating that the kinetics of Li2O2 oxidation on
charge is approximately 10-fold faster than on carbon electro-
des. See Science doi: 10.1126/science.1223985.
Oxide catalysts for rechargeable high-capacity Li–O2 batteries
Nano-crystalline mixed metal oxides with an expanded
pyrochlore structure were synthesized by a chemical precip-
itation route in alkaline media. The high concentration of
surface active sites afforded by their high surface area,
intrinsically variable oxidation state and good electron trans-
port led to promising electrocatalytic properties for oxygen
evolution in Li–O2 cells, yielding rechargeable discharge
capacities over 10,000 mAhg−1 and lowering anodic over-
potentials significantly. The discharge capacity of the Li–O2
cell was increased further when a small amount of gold was
deposited on the pyrochlore oxide, which served as a more
efficient oxygen reduction catalyst. The amount of catalyst
necessary for oxygen evolution performance was reduced to
as little as 5 wt% by supporting the highly-divided pyro-
chlore oxide crystallites on carbon using in situ deposition
methods. See Advanced Energy Materials, special issue:
Battery Materials, vol. 2, issue 7, pp. 903–910, July, 2012.
Nanoscale alloying effect of gold–platinum nanoparticles as
cathode catalysts on the performance of a rechargeable
lithium–oxygen battery
This paper (Nanotechnology,vol. 23, number 30
doi:10.1088/0957-4484/23/30/305404) describes findings
of an investigation into this type of structural effect for
carbon-supported bimetallic gold–platinum nanoparticles
as cathode catalysts in a rechargeable lithium–oxygen bat-
tery. The nanoscale structural characteristics in terms of size,
alloying, and phase segregation were shown to affect the
catalytic properties of the catalysts in the Li–O2 battery. In
addition to the composition effect, the catalysts with a fully
alloyed phase structure were found to exhibit a smaller
discharge–charge voltage difference and a higher discharge
capacity than those with a partial phase segregation struc-
ture. This finding is significant for the design of alloy nano-
particles as air cathode catalysts in rechargeable lithium–air
batteries, demonstrating the importance of the control of the
nanoscale composition and phase properties.
Nanotechnology
Size-dependent multispectral photoacoustic response of solid
and hollow gold nanoparticles
Photoacoustic (PA) imaging attracts a great deal of attention
as an innovative modality for longitudinal, noninvasive,
functional, and molecular imaging in oncology. Gold
nanoparticles (AuNPs) have been identified as superior,
NIR-absorbing PA contrast agents for biomedical appli-
cations, but no systematic comparison of the optical
extinction and PA efficiency of water-soluble AuNPs of
various geometries and small sizes has been performed.
In this paper (Nanotechnology, vol. 23, no. 22, 8 June
2012, pp. 225707–225716) spherical AuNPs with core
diameters of 1.0, 1.4, and 11.2 nm, nanorods with lon-
gitudinal/transversal elongation of 38/9 and 44/12 nm and
hollow nanospheres with outer/inner diameters of 33/19,
57/30, 68/45, and 85/56 nm were synthesized. The diode
laser set-up with excitations at 650, 808, 850, and
905 nm allowed the authors to correlate the molar PA
Gold Bull (2012) 45:177–181 179
signal intensity with the molar extinction of the respec-
tive AuNPs. Deviations were explained by differences in
heat transfer from the particle to the medium and, for
larger particles, by the scattering of light. The molar PA
intensity of 1.0-nm AuNPs was comparable to the com-
monly used organic dye methylene blue, and rapidly
increased with the lateral size of AuNPs.
One-step interfacial synthesis and assembly of ultrathin
luminescent AuNPs/silica membranes
A facile one-step strategy is explored to achieve uni-
form luminescent Au nanoparticles (AuNPs) in a two-
dimensional ultrathin silica matrix based on simulta-
neous reaction and assembly at the liquid–liquid inter-
face. The as-prepared AuNPs/silica nanocomposites can
be further employed to fabricate micrometer-thick films
with bifunctional luminescent and superhydrophobic
properties. Such a concept is considered ideal for the
development of multifunctional devices (Adv. Mater.;
doi:10.1002/adma.201200795)
Surface plasmon resonance of layer-by-layer gold nanopar-
ticles induced photoelectric current in environmentally
friendly plasmon-sensitized solar cell
This research paper (Light: Science & Applications (2012)
1, e14; doi: 10.1038/lsa.2012.14) describes how the effi-
ciency of a plasmon-sensitized solar cell can be improved
by depositing gold nanoparticles on the cell's surface. The
research team from the University in Hualien has now
demonstrated that the efficiency of the photoelectric conver-
sion of gold nanoparticle layers is increased as the intensity
of surface plasmon resonance increases. They also explain
the experimental results by modelling the phenomenon of
charge separation and photocurrent formation, and the rela-
tionship between surface plasmon resonance and photocur-
rent formation, which has potential application in plasmonic
solar cells in the future.
Recent advances in energy transfer processes in gold
nanoparticle-based assemblies
This feature article (J. Phys. Chem. C; doi:10.1021/
jp302615d) highlights the recent developments of energy
transfer processes of Au nanoparticle-based assemblies. The
authors highlight various aspects of energy transfer between
dye molecule and Au nanoparticle, particularly focusing on
the size- and shape-dependent energy transfer, understand-
ing the interactions between bio-molecules (protein, DNA,
and RNA) with Au nanoparticle and the energy transfer
between confined dye and Au nanoparticle. The designing
of nanostructures materials with efficient energy transfer
between confined dye in porous materials (mesoporous
silica, zeolites, and cyclodextrin) with Au nanoparticle for
developing new photonic devices was also highlighted.
A solid-state plasmonic solar cell via metal nanoparticle
self-assembly
This paper reports how sustainable plasmonic photocurrents
are generated by gold and silver nanoparticles, located at a
TiO2/hole conductor interface (Advanced Materials;
doi:10.1002/adma.201200994). The spectral photocurrent
response closely follows the surface plasmon absorption
bands of the metal particles. A simple nanoparticle self-
assembly method for the solar cell fabrication is presented
by the authors and three mechanisms for plasmon-induced
charge separation are proposed.
Fuel cells
Electrodeposited gold nanoparticles on carbon nanotube-
textile: anode material for glucose alkaline fuel cells
In this paper (Electrochemistry Communications, vol. 19,
June 2012, pp. 81–84) the authors propose a new anode
material for glucose–gluconate direct oxidation fuel cells
prepared by electrodepositing gold nanoparticles onto a
conductive textile made by conformally coating single-
walled carbon nanotubes (SWNT) on a polyester textile
substrate. The electrodeposition conditions were optimized
in order to achieve a uniform distribution of gold nano-
particles in the 3D porous structure of the textile. On the
basis of previously reported studies, the reaction conditions
(pH, electrolyte composition, and glucose concentration)
were tuned in order to achieve the highest oxidation rate,
selectively oxidizing glucose to gluconate.
Electronics
Development of high-temperature solders: review
The development of lead-free solder alloys for high-
temperature applications is required to meet increasing
demands for reliable replacements for lead-containing
alloys. This paper (Microelectronics Reliability, vol. 52,
issue 7, July 2012, pp. 1306–1322) provides a review of
recent research on suitable replacement alloys, as well
as traditional Pb–Sn alloys, collating relevant properties
and identifying areas where further development is re-
quired. The main candidate alloys covered are derived
from the Au–Sn, Au–Ge, Zn–Al, Zn–Sn, Bi–Ag, and
Sn–Sb alloy systems. Each of these systems is discussed
with respect to the advantages and disadvantages associated
with their use in soldering applications. It is concluded that
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further development of alloys suitable for high-temperature
lead-free soldering applications is required.
Microcontact printing of ultrahigh density gold nanoparticle
monolayer for flexible flash memories
This new research (Adv. Mater.; doi:10.1002/adma.201201195)
describes how uniform monolayers of alkanethiol-protected
gold nanoparticle arrays with ultrahigh density have been used
as microcontact-printable charge-trapping layers for the appli-
cation in flexible flash memories. The new devices are com-
pared to two reference devices with a floating gate created by
thermal evaporation and electrostatic self-assembly, and show a
large memory window, long retention times, and good endur-
ance properties.
Gold alloy electrolytes
In this recent patent publication (US 8142 637 B2), certain
compositions and methods for depositing gold alloys are
disclosed. The compositions include specific dithiocarbox-
ylic acids, salts and esters, and mercapto group-containing
compounds which provide bright gold alloy deposits with
uniform color. The inventors are a team from Rohm and
Haas Electronic Materials LLC.
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